Abstract: The purpose of this paper is to present development of a methodology for identifying improvement areas and supporting decision making process in the field of maintenance; an index for measuring the performance level of different maintenance approaches is proposed. Empirical data for this case study was drawn from a Slovenian textile company. The results of this study indicate that from respondents' points of view, maintenance practices related to condition-based maintenance approach represent the highest opportunity for improvements in this company. Further, this study provides key insights for managers to evaluate maintenance approaches, and to identify potential areas for improvements. In this regard, companies can gain a better understanding of how to measure and diagnose the effectiveness of the selected (implemented) maintenance strategy. As such, the presented work provides an intuitive and simple approach to identify the areas where a company effectively deploys its resources, and those areas that need more attention. Presented approach therefore represents an effective way of selecting areas for improvements for companies searching an approach how to improve effectiveness of maintenance strategy, and therefore company's competitiveness.
introduction
Increasing expansion of technology and competition among industries are one of the drivers forcing organizations to employ different strategies and policies to increase productivity and decrease costs [1] . Manufacturing companies face a great pressure to reduce their production costs [2] . The costs of maintenance are estimated to be between 15 and 40 per cent of production costs [3] . In this regard, different maintenance policies and strategies are implemented in production industries to decrease costs, increase productivity and to continue with the global competition [1] .
A number of studies have been devoted to identify the impact of maintenance on different dimensions of company's competitiveness. For instance, in study [4] author found a positive relationship between proactive and aggressive maintenance strategies and maintenance performance. Results of study [5] showed that total productive maintenance does more than control costs; it can improve dimensions of cost, quality, and delivery. Al-Najjar and Alsyouf [6] indicated that a company can increase its production capacity without investing in new machinery if it implements an efficient maintenance policy, which allows enhancing availability strongly, quality rate and performance efficiency moderately. In their study authors have presented a model to provide the required information for decision-making, to ensure cost-effective actions and enhance continual improvement efforts cost-effectively. Further, Al-Najjar [7] suggested that by applying effective maintenance, such as Total quality maintenance (TQMain), a company's profitability and competitiveness can be enhanced through the continuous cost-effective improvement of production and maintenance processes. In other words, the better the knowledge we have about the interaction between maintenance and other business variables, the better our decisions [8] . This means, that proper management of maintenance can offer many companies significant potential of improving efficiency, productivity and profitability [9] .
In study [10] , author reported that the mean percentage of overall equipment effectiveness (OEE) across the sampled cases, was 55 percent. This means that company could increase its production capacity without investing in new machinery if an efficient maintenance policy was implemented [6] . Using effective maintenance policies, failures can be reduced to a minimum level [11] . This could result in higher productivity and better product quality and nevertheless in higher profit margin.
Different methods are available for measuring the state of maintenance practices in companies. Maturity assessment methods are one of the examples used to assess how maintenance processes are conducted. For example, Macchi and Fumagalli [12] proposed a scoring method for maturity assessment and a procedure to use it in order to identify the criticalities in maintenance processes and to subsequently drive the improvement of the maintenance management system. Further, Chemweno et al. [13] suggested a generic asset maintenance maturity model as a structured guide for implementing new maintenance programs, evaluating existing programs and finally directing continuous improvement activities likely to lead to high levels of asset maintenance efficiency and effectiveness. Further, researchers (e.g. [14] ) used benchmarking as a way to search for optimum methods for maintenance management practices in order to improve the overall effectiveness of the operations and maintenance of the plant. Although there is a growing body of literature on different methods for evaluation maintenance effectiveness, there is still lack of studies that would propose approaches for identifying and prioritizing improvement areas. Hence, a company requires to assess the current quality of the maintenance management system before deciding an investment for its improvement [12] . Given the above reasons, this paper presents a case study with the following objectives: to examine the performance and importance of different maintenance practices from respondents' points of view, and to identify the areas where company can improve efficiency and effectiveness of its maintenance strategy. Thus, the purpose of this study is to propose new methodology which can support the process of exploring and identifying the areas where company has effectively deployed their resources, and those that need more attention. Evaluating the performance of maintenance strategies using different measures has been a major concern in maintenance operations literature [15] . A number of techniques and frameworks have been developed in this field. Nonetheless, this study also contributes to the literature by providing a new measure for identifying and assessing potential areas for improvement in relation to the maintenance strategy.
literature review

Maintenance approaches
Several maintenance approaches, i.e. strategies and concepts, methodologies or philosophies have been developed and implemented through the evolution of maintenance. The traditional perception of maintenance's role is to fix broken items. Taking such a narrow view, maintenance activities have been confined to the reactive tasks of repair actions or item replacement [16] . More recently, improved technology and the increased sophistication of maintenance personnel have led some companies to replace this type of approach with different maintenance strategies [4] . The description of various maintenance concepts is explained below:
Failure based maintenance (FBM): FBM is only performed when a failure or breakdown occurs [6] . Therefore, FBM is a reactive management technique that waits for machine or equipment failure before any maintenance action is taken; however, it is actually a "no-maintenance" and the most expensive approach of management [17] . Nonetheless, it is always possible that a failure is allowed to occur and then be repaired. This depends on the existence of secondary damage, redundancy and the ease to repair. In the case of technical feasibility of FBM for a critical component or a non-critical component, the economic feasibility must be determined [18] .
Preventive maintenance (PM): PM can be described as a series of tasks performed at a frequency dictated by the passage of time, the amount of production, machine condition that either extend the life of an asset or detect that an asset had critical wear and is going to fail or break down constitute PM [19] . In maintenance management, there are two classical strategies: block-based (also called constant-interval maintenance) and age-based (also called use-based maintenance) maintenance [18] . One of the disadvantages of the PM is that PM is only economical where the standard deviation of the failure population is small [20] . The other critical aspects considering PM are the lack of decision support systems and insufficient historical data [21] , [22] .
Condition-based maintenance (CBM): CBM is a maintenance program that recommends maintenance decisions based on the information collected through condition monitoring [23] . Maintenance decision is made depending on the measured data from a set of sensors system when using the condition-based maintenance strategy. To date a number of monitoring techniques are already available, such as vibration monitoring, lubricating analysis, and ultrasonic testing [2] . However, if the condition of the item can be monitored continuously or intermittently it will be possible to carry out PM actions only when failure is judged to be imminent [24] .
Reliability-centered maintenance (RCM): RCM was originally designed for the aircraft industry [25] . There have also been several improvements to the traditional RCM methodology for different applications, e.g. RCM2 [26] . RCM combines several well known risk management techniques and tools, such as failure mode and effect analysis and decision trees, in a systematic approach to support effective and efficient maintenance decision [27] . Because RCM is predicted on the belief that all machines will degrade and fail (P-F curve), most of the task, such as failure modes and effects analysis (FMEA) and Weibull distribution analysis, are used to anticipate when these failures will occur [17] .
Total productive maintenance (TPM): TPM is a maintenance system defined by [28] , which covers the entire life of equipment and involves active participation of every division including planning, manufacturing, and maintenance. Therefore, TPM seeks to engage all levels and functions in a company to maximize the overall effectiveness of production equipment [16] . The emergence of TPM is intended to bring both production and maintenance functions together by a combination of good working practices, team-working and continuous improvement [29] . However, some shortcomings are observed in the literature as discussed in the following. First, TPM does not provide clear rules to decide which basic maintenance policy will be used, and second calculation of the OEE is not really a complete analysis. Cost and profits are not taken into account, and therefore it is not a complete measure [18] .
Total Quality Maintenance (TQMain): TQMain is a strategy which enables the user to maintain and improve continuously the technical and economic effectiveness of process elements. Thus, TQMain's role may be defined as: a means for monitoring and controlling deviations in a process condition and product quality, and for detecting failure causes and potential failures in order to interfere when it is possible to reduce machine deterioration rate before the product characteristics are intolerably affected and to perform the required action to restore the machine/process or a particular part of it to good as new. It suggests the integration of the separate relevant databases of the manufacturing system into a common data-base and uses a reconstructed version of OEE, which is called overall process effectiveness (OPE) [7] .
Maintenance strategy selection
A number of empirical studies that focused on maintenance strategy selection have been reported in the literature. Azadivar and Shu [30] showed some effective methods of selecting appropriate maintenance strategies for just in time production systems. Okumura and Okino [31] presented the maintenance selection method based on production loss and maintenance cost. Bevilacqua and Braglia [32] used an analytical hierarchy process (AHP) for maintenance selection in an oil refinery.
Maletič et al. [33] apply AHP for the evaluation/ selection of maintenance policy. Many different multiple criteria decision-making (MCDM) methods were also adopted in maintenance strategy selection. For example, Al-Najjar and Alsyouf [22] assessed the most popular maintenance strategies using the fuzzy inference theory and fuzzy MCDM evaluation methodology. Wang et al. [2] evaluated maintenance strategies based on the fuzzy AHP method. In a study [34] authors proposed a combined goal programming and AHP for maintenance selection through the use of the classic parameters occurrence, severity and detectability. Further, Ingwald and Al-Najjar [35] emphasized the need of selecting the most cost-effective maintenance for a certain component/equipment. While there is a great body of knowledge on maintenance strategy selection, our study is more focused on assessing the maintenance strategy aiming to identify the potential areas for improvements.
a methodology for identification of maintenance improvement opportunities
This section will discuss how it may be possible to measure and identify improvement opportunities in the maintenance processes. The methodology will be explained by using data from a Slovenian textile company.
The basic idea behind the approach used in this case study, is to measure importance and performance of different maintenance practices [36] . By identifying the gaps considering maintenance practices in a company, it is possible to explore areas where company has effectively deployed their resources and those that need more attention. For purpose of this study questionnaire was prepared, in order to evaluate importance and performance of different maintenance activities in the observed company. Due to the company's request for confidentiality, the name of the company is not disclosed in this text. Respondents in this study were employees (N = 5) from production department (maintenance function is a part of production department). While interviewing with the help of a questionnaire, respondents were asked to rank each question, formulized as statements, according to their perceived degree of agreement and importance using the Likert scale ranging from 1 to 5. On the "importance" scale, "1" indicates that the statement according to him/her is of very minor importance, while statements that score "5" are perceived as having very high importance. Generally, the importance measurements (I) can be understood as indications of the respondents' needs and the agreement measurements (A) as indications of the company's performance. These measurements (I and A) are the basis for the calculation of maintenance improvement (MI) index presented in section 4.
The most important areas are related to the statements where the difference between importance and agreement is the highest. The theory behind such type of questionnaire is that the optimal situation is characterised by having equality between importance and agreement. An assumption behind this simple rule is that the marginal costs to reduce the gaps with one unit are the same for all statement areas. Of course, this assumption is a simplification because some areas may be easier to improve than the other areas [37] . If one can accept the simplified assumption, then the simplified rule can be used. That means if importance is significantly higher than agreement one should improve the area.
Additionally, using this methodology one can figure out by using the scores for importance which maintenance practice is rated as the most important one, as well.
Thus, knowing these two parameters, the prioritization and the difference, one can very easily define the practices/areas where the most effort should be put in to improve the current situation.
Measures
Ten practices were examined in this study. These practices were derived from literature focusing on maintenance practices (e.g. [4] ; [38] ). The strategic approach focuses mainly on spare parts and repair times. Process-oriented approach includes practices related to production process. CBM approach comprises practices, such as condition monitoring, activities of detecting failure causes as well as the use of computerized maintenance management systems (CMMS).
Measuring maintenance improvement (Mi) index
As revealed in section 3 the idea of asking the respondents both about agreement and importance is that by doing so, it is possible to rank the potential areas for improvements in accordance with the respondents' importance perceptions [39] . This paper expands the gap analysis presented in study [36] by developing an indicator for measuring maintenance improvement (MI) index. In this section, we will discuss a new approach and present the MI index using data for different maintenance approaches.
In order to evaluate maintenance strategy and to identify the potential areas for improvement, analysis of perceived agreement and perceived importance scores was performed. Any difference between perceived indicated agreement and perceived importance (I -A) can be regarded as a gap indicating an opportunity for improvement seen from the respondents' points of view [39] . By using this approach, gaps between importance and agreement represent the signals from the respondents regarding possible improvement opportunities. As shown in Figure 1 (a detailed description of items is presented in Table 1 ), the biggest gap between importance and agreement refers to the practices such as monitoring the production equipment status (item 5), investing in improving the skills and competence of maintenance staff (item 1) and performing the maintenance tasks based on statistical modelling of failure data (item 2). The results for importance and performance statements illustrated in Figure 1 show that the biggest gaps correspond to practices that describe the CBM approach.
The proposed measure (MI index) is based on the same data as for the gap analysis presented in Figure  1 . First we merged a set of ten maintenance practices into three main themes. Each of the themes consists of the practices that have a common underlying dimension. As such, we followed the literature (e.g. [38] ) in order to ensure content validity. Note that it is possible to include any additional maintenance practices when using this methodology. MI index uses the ratio of average agreement and average importance. The simple logic behind this measure is however similar to approach presented in study [39] . The calculated measures range between zero and one {0; 1.0}. If the measure is close to 1.0 then it indicates that the company has effectively deployed their resources within the areas measured. On the contrary if the measure is low this represents the signals for company to look for improvements within the measured area. In our example, the lowest MI index corresponds to the first main theme (0.63), as shown in Table 1 . This represents the highest potential for improvement (up to 37 percent) of all three measured themes. As shown in Table 1 one can see that the MI index for the second main theme is equal to 0.86, which means that the company should look for improvements within these practices where up to 14 percent could be reached with proper improvement actions. MI index for the third main theme was calculated to 0.93, which means that company could increase this measure up to 7 percent.
In our case, the assumption is that all approaches have the same importance. This mean that practices which correspond to the first main theme represent the biggest potential area for improvements in accordance with the respondents' perceptions. As seen in Table 1 these practices are mostly associated with CBM approach.
5.discussion
The importance performance analysis and MI index exhibits several findings, which deserve further attention. First, among the ten observed practices included in this study, CBM approach allows for the biggest opportunity for improvement. This finding reflects the difference of the importance of maintenance practices from a company's perspective. Further analysis reveals that company is not using advanced maintenance approaches and that there is still high portion of failure based maintenance. The main tasks conducted considering maintenance are, for instance: restoring equipment to operation, installing new equipment, etc. Moreover, the proposed MI index clearly reveals that statements within the CBM approach represent the lowest measure. Thus, the company should look for improvements within these practices -the MI index could be gradually improved with up to 37 percent. The results show that the biggest gaps correspond to practices, such as monitoring the production equipment status, performing the maintenance tasks based on statistical modelling of failure data, investing in improving the skills and competence of maintenance staff and use of CMMS. These maintenance practices are related to CBM approach, and represent the biggest potential area for improvements in accordance with the respondents' importance perceptions. Therefore, the combination of the highest importance and the biggest gaps represent the signals from the respondents about where to improve first. As we have already mentioned above, we observed that the lowest MI index correspond to CBM approach. Several studies [6] , [11] , [22] , [36] emphasize the importance of CBM in achieving company's profitability and competitiveness. By improving the areas which have received the lowest MI index company could benefit from higher quality and productivity. Several studies have shown that proper maintenance can lead company to a better product quality and higher productivity. For example, the study [40] has shown that maintenance has an impact on the production and its operational aspects such as capacity, quality, costs, environment and safety. Therefore, the results indicate that company should look for improvements within CBM approach in order to improve productivity, quality, profitability and nevertheless the overall competitiveness. In this regard, our results imply that activities within CBM approach are essential in order to enhance the performance of the production process.
Our results are also somewhat in a line with the argument of Crespo Márquez et al. [41] who suggest that higher levels of knowledge, experience and training is required, and at the same time, techniques covering the involvement of operators in performing simple maintenance tasks are extremely important to reach higher levels of maintenance quality and overall equipment effectiveness. Similarly, as it was outlined by Pacaiova et al. [42] , who stated that the problem of effective management, particularly in terms of demands for continuous improvement is often a lack of information and knowledge on the management level. Further, Berges et al. [43] noted in their study that the human factor in the maintenance function is an essential factor involved in the performance of this department. Authors also pointed out that despite technological improvements in the conservation of machines, the human element remains essential to the quality of the work performed. Therefore, it can be argued that by improving the level of knowledge and experience, the company could improve the effectiveness of maintenance strategy. Human factors are therefore important aspects to be considered in the field of maintenance [44] .
From the managerial perspective, this study emphasizes the importance of implementing effective maintenance policy. The results provide insights on the status of several maintenance practices in the observed company. The results have shown that according to respondent's point of view the CBM approach could be the primary source of competitive advantage. This is consistent with the current literature, which suggests that companies could improve and maintain their competitiveness if more effective maintenance and asset management would have been used [45] - [47] . The proposed MI index also represents a practical value for managers. For a company that is looking for improvements within the maintenance processes, it is important to select the most appropriate maintenance policy. In this regard, the proposed index supports the decision-making process. In addition, this new measure presented in this paper can be used by all types of organizations, and could include several different maintenance practices.
conclusions
This paper presents an empirical study that examines maintenance practices in a Slovenian textile company. The gap analysis based on respondent's perception regarding agreement and importance of selected maintenance practices was performed. In addition, a new measure (MI index) for identifying areas that company should focus on was proposed. The results provide a clear result that company should put more effort in improving the practices related to the CBM approach. Therefore, the insights drawn from this study could help the company to balance their priorities and suggest the areas on which emphasis should be placed. Further, the case study demonstrated that in searching competitiveness through efficient maintenance strategy, the MI index provides a company with a tool for selecting and setting priorities for improvement of different practices within the field of maintenance. 
